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MODEL o (SWEPT BACK) _-WIN_ TYAMAT

' By Charles L..Seacord,-Jr. an_ J. M. Teltelba_m

_Y

The results of the first flight test of a swept-back four-
wing version of Tiamat (MX-570 model O) which was launched at

%he NACA Pilotless Aircraft Research Station at Wallops Island, Va.

ere presen .te_,

In general, the flight behavior was close to that predicted

By calculaticms based an .s.tablllty theory and oscillating table.
tests of the aubopilot. The flight test thus indicates that the.

techniques employed to predict auSomatic stability are valid and
praoti'ca_ from an operational viewpoint.

The limitations of the me%hod used to predict flight behavior .
arise from the faot that the calculations assume no coupling among

roll, pitch, an& yaw, while in actual, fl_ght Sc_e such coupling does
exis_ •

INTRODUCTION-

At the request of the Air Materiel Ccmmar_l, Army Air Forcesj

and as part of the general research progrsm on guided missiles, ,
the NACA is testing various oonfigurations for the MX-570 (Tiamat)

missile. The results of each flight are being correlated with
theory in an effort to develop end improve methods of predicting" .
the .flight characteristics ,of. autopi!o$ controlled ,aircraft..

Tests of tHree-fin c6nfi_rations of the M_-_yO missile have

been. reported in references 'i and 2, whereas tests of four-fin
models, have been reported in references 3 and 4. -Data in refer-

enos I indicate_ poor directional stability at high angles o£
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attack an_ reference 2 showe_ nee_ for a single _ooste_ reeker.

Reference 3 showe_ that imprgvel stability was o_taine_ with the
four-f_n arrangement an_ reference M indicate_ a.need for more

complete autopilot -ruby. This study was made an_ re_orte_ in

references 5 and 6 en_ another four-fin missile was launched.
Failure of _he booster to separate fro_ the missile in the flisht

of %he third four-fin missile brou@ht about a redesign of the

hoes%at attachment_ which, is" _escribe_ herein. The present test
concerns itself with the results of a flight test of a four-fin

mo_el 0 (swept bank) confi6_ration of the Tiemat missile an_ the

correlation of _he flight results with dat_ o_talne_ from prefli@ht

frequency-response tests of the s_Atomatio pilot. The tests of
this molel were con_ctel in the same manner as previously describel

in references 1 to 4. Equippe_ with telemeter _nl autcpilot, the
missile was launche& ,from the 8rour_ ana tracked by radar an_ motion-

picture cameras.

MODEL

The fesi_n of the four-fln MX-570 model C is _asically the
same as the molel B (reference _) except that swept-back wings

have replaced the strai@ht vlnss an_ a newly _esi_e_ miBs_le-
booster attachment has' replaced the straps previously used." The
new type of attachment was incorporated, after the missile and
booster faile_ to separate in a previous flight. A sketch of the
missile 'and booster is shown in figure 1 ancl a photograph of the
missile is shown in figure 2. The new booster attachment (see fig. 3)

consists of a tail cone casting attaohe_ to the missile sn_ a nose

casting attach e_ to the 5coster anl fitting within the tail cone of
the missile. Inserts& in the booster casting is a 500-pouni°per-

inch compression sprin_ hel_ in loaded position by an explosive break

line an_ adjusts& to butt up a_ainst the tall PiPe of the missile. The
explosive link is broken &urin_ the booster-on flight an& when the"
booster rocket burns out the spzdn_ causes the missile and booster to

separate, xn a_d/tlon_ four alinement screws are locate_ between _e
• booster caAting and the main _ooster fuselage %0 adjust the an_le of
incidence be%wean the thrust line of the booster and the center llne

of the missile.

The physical limensions of the C model testa& are given

below: .

Weight, pounds:
_ssile • • • • • • • • • • • . • ° • • ° • • • . •
_ooeter e e e e e • • "_ e e . • _ • • • • e • • • •

l eee_e _
eleo'@l
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Win_:
Area, s_uare feet (Includ_Ln_ i_aeelase) • ...... • • • • 7.13

Span, fee_ . • . .... • • ° • . • , • • . • .... _ .... 5.72
Aspect ratio . .. • . . • • ..... • • . • : • ..... _58
Airfoil section . , . _ , • , _ . . . • . NACA 16-009

Incidence, _e_ees ._ ....... • • •. : • • , .... 0

, ..• •••... • • 15. 0Wing loszlinS (missile alone), _o%_las • • • 7_.0

Control surfaoe:

Type ....... . . .... . _ . ....... . . . _ialn fia_

Spanj percent wing span (plan)_--_ _ • , • , , , ,i_ • , _3 _

thor&, percent wing ohor_ at In_o_ end , . ........ 15.7
Ohorcl, percent wins ohora at outboard am_ ......... 26.7

Fuselage : , .. • •
L gth " • "
en , inches " "_h e, . , . . . , . . , . . . . , , ... I_0Maximum _iameter, O e , , • , , , , , .,,., o • . o . • . 20

0enter-of-_ravity location:
Behind nose of fuselage, inches . . . ........... 66

Below center line of missile, inches , • • •. & ...... 0._24

INSTRUMENTS

• Autopilot.- The autopilot use_ was %he same %_pe as those
previously used and is &escribe<l in reference 4. I% was sdJusbed

%0 give a 1.78 follow-up in yaw and 2.3_ follow-up in pitch.
(Follow-u_ is %he ratio of control deflection to curve deviation.)

The rate gyros ware adjusted so as to cause, when su_Jecte_ to

a rate of turn of 1° per second, a control _eflection equal to
_ne-tenth of %he deflection cause@ by a body d/aglacement of 10.

The _oli control oonsiste_l of an Azon _propilot with the same
settimss as previously _escribef in reference 4. The reflection

of the ailerons was limited _to %10°_ The preset-turn control

was set %0 vary the directional gyro reference, 20 seconds .after.
fi_ins, at a rate of aDproxlma.tely 7° per eeconi _nt_l the rudder
stop (i0 °) was reache_. The altitude control was set %0 maintain
flight at 600 feet.

Telemeter.- A fou_-charmel ra_io telemeter was insbAlled to

transmit records of the following items within the limits noted
_etween the prrenthesie signs:

%
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(a) Normal _oeleration; (*10g)
l

(b) Tranevers% acceleratlon, (SlOg)

(c) D_namio'l_ressure, (O to 16 in _.Hg above sea level static

(a) B_.k an_e, (_SOO)

(e) Rud_ler control position, (_i0 °)

(f) Elevator control position, (i_lO°)

A motor-driven switch was provide_Iso_as to alternate trans-
mission of elevator control and normal acceleration data with

dynamic pressure and transverse acceleratYondata on two of the
telemeter channels. • " "

The accelercmeters used to record the normal and %ransvers_

accelerations were located "approximately 8 irmhes below the
center of gravity of the missile. This oause<l the components

of the normal acceleration due %o roll to be recorded by the

accelerometer. The error introduced by this condition was small

in ccmparison to the maximum accelerations recorded.

Radar an_ Oamera.- The radar an_ camera installations were

similar to those previously used consisting of TPS5 continuous

wave _a_ar, SCR 58_ radar am& motio_-plcture cameras.

METHOD OF PREDICTING Ab'IX)MATIC STABIT.ITY CEARACTERISTIOS

The stability of the missile-autopilot combination was

predicted using the _etho_s given in references 5anf 7- The

results given in reference 5 were eompute_ for the straight "

wing MX-570, but the rolling motion is not _elievel to_e
appreciably affected by the amount of sweepback present in the

M_'tTOC. The curves used for determination of _tahility i_

pitch and yaw are given in figure 4. These curves conslst of

plots of the phase angle e and the amplitude factor R for
%o%h the autopilot an_m/ss_le. The phase angle for the auto-

pilot is a measure of the amount that the control motion is lea_Ing
or laggin_thedisplacement motion of the autbpilot. The phase

angle for the missile is a measure of the amount that a forcln_
control motion lea_s or lags the a_rplauemotion that it causes.

The ampl_itude factor for the autopilot is equal to the maximum

smplltude of the autopilot _isplacement motion _ivi_e_ by the
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maximum amplitude cf the correspon_In_ control motion., me amplltule

factor for the miss$1e is equal %o the maximum amplitude of the _.
forcing control _ttion _ivide_ into the maximum amplitude of %.he
missile motion cause_l by the control'mction, The procedure for

computing these curves is outllns_ in reference 7, Inasmmch as the

missile is symmetrical about both the XZ- s_ the XY-planes and
%he same autopilot adjustment is usel for _oth pitch an_ paw, the

curves shown in figure _ apply _o _oth pitch an_ yaw.

_ RESETS

Launching

F

The launching rack an_ the firing procedure used in the
subject tests were the same as thos_ _r@vlously lescribecl in

reference 2. The test records of +_he flight showe_ that the
launching Of the mo_el was smooth. Photographs of the take-off

are Shown in fi6_res _(a) an& _(b). A !aunchin_ acceleration
of 9.1g was computed for _he telemeter records (see flg. 6(a))

end an altitude of about .300 .feet w_s reached before the booster
rocket burne& out. •At the 0.9-second mark _e link" hol_ing the
booster rejection spring was exploded and at _he 2.2-second mark

%he booster rocket burne_ ou_ an_ was Jettisone_ successfully.

The use of %he revised booster a_tachment apparatus wee %hereby
Justified. The sustaining rocket fire_ as sohe_luled at the 2.9-
seccn_ mark en_ the records show that the missile at_ined an
altitude estimated at 600 feet an_ leveled out.

Automatic Stabilization - " ..

The telemeter records presented in fi_Ire 6 show that the •

rejection of the booster started a longitudinal oscfLlatlon ....
which WaS rapidly damped by the automatic pilot until the

9-second mark. (See fig. 6(a).) After this time, the oscilla_tlo_

built up_ again resulting in large normal accelerations. After
the l_-second mark the elevator osoillated between its stops
(i_lO°) causln_ normal accelerations of about %tg for the'remaln_er .

of the flight. , ,.--

The yaw oscillation as in_ic_ted by the rudder and transverse _:..
acceleration data of figure 6(b) was small throug_1out the entire
flight. An in_tfal disturbance encountered at the time of booster

rejection was quickly _amped an_ the transverse accelerations

were about _g fo_ straight flight. The me@el stabillze_ in

roll _urlng the entire fiigh%, %he amplitude of the bank oscillatic_s
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varying from _7° in the early portion of the flight (see fig. 6(a))
to somewhat irregularly larger values during the 30- to 5_-second

period. (See fig. 6(c).)

Preset Turn.

After 27 seconds the missile went into a preset evertighteni_

turn untll the rudder r_ached its stop (i0 °) aft@r which the radius

of the turn remained constant. Figure 7 shows a plan view of the
flight path of the missile as recorded by the SGR 58_ ground radar,
compared with the predicted flight path based on the adjustment of

the _reSet-turn control. ."

DISCUSSION

Longitudinal Stabilization

The action of the automatic pilot in _itch, previously
_escri_ed, can be explained by an analysis of preflight frequency-
response records of the automatic pilot shown in f_gt_re 4.

According to the method outlined in reference 7, the possibility"

of an undamped oscillation exists only when the phase angle_of

thea to tiocontrol-- ( p ioJIs tothephase
for _he missile. As shown in fi_Are _, these conditions lid not

exist in the subject model thus inficating that any disturbance in
pitch or yaw should have damped out completely. The f_t that there

is no intersection between the G-cur_es make, it unnecessary to

refer to the R-curves. If there hs_ been an intersection, the

stability of the o_cillationwould have _e_e_ upon the value of

the Rmissil e × Ra_topilot. A value less than unity would have
irritated Instability_hile ane greater than unity would indicate a

dampel oscillation.

The initial action of the automatic pilot in _ping out

the pitch disturbance caused_y_th6 %coster rejection is thus in

agreement with the frequency-response da_a. A "stuffy of the d_ta

on figure 6(a) show_ that during this perlod the control motio_was ..

•_leadingthe body m0tion as expected an_ the moticnwas _amped. The
increase in the amplitude of the longitudinal oscillation after the

9.0-eeconlmarkwas.probmbly_ue to the failure of the pitch rate
gyro which caused the control motion to lag the pitching motion_

The lag of the control after the 9.0-secondm_rk is evidont from
inspection of the data of figures 6(a) and 6(0) and woul& be

erpected by theory to lead to unstable oscillations. In the subject
..

°.



_AOA ira&4No • I.,7'J903 7

ease %he elevator stops li_ed the body motions to _ constant "

_mplit_ads h_mting oscillation. . .. ,.

• , .- • • • ,. . ""

°, ,.

Lateral Stabilization -,

1_'__A very small transverse acceleration, _pproxi_ate_ _g,

r_oor_ed for that portion of the Straight _ flisht _urimg which -
_he _Itch oscillation was _ampe_. When. the pt'tchfng osc_]-!ation

increased in smpli%uds s the transverse acoeiera%_on, became _rregular.
This effect Is believed _o be due to the influence of the eleven

_ositlon (up or do_n) on the eleven yawin_ moment oause_ by _iffsrential
eleven deflection. That is 2 if the elevens were both ups the yawing

mo_ents oaus_l by d/fferen_al Reflection would be less adverse _han if

the _Ifferen%ial movement ha_ eCc _ur/re&when the elevens were at zero,
• • • ..•

"The sta_lizin_ _oti_ of _he lateral oomponents e# the

auto_atio pilo_ was thus es_aBli_hei. The fact that the yaw

oscillation hal the ssme _ peri_ as the roll osoillati_, rather

tha_ or_ Slhlila_ _O" the" pith osoillation (s_ mi_t be .expected for

a sym_etrloal hotly) is interprets& as showiz_ "tha_ oouplln_ ox_ste&

b_t-,-e_n the rollln_ az_ yaw$_ motions, ":

The roll oscillatlo= of @7 ° in stredgh5 fli6h% w_s slighf_ly

large_ than that p redlo_e_ by the me t_.od descrlhed in refere_oe 5.

The flight periods, showed _ood agreement wi_h the results of" that
%est. ._'

The irregular roll-oscillation _urin_ the l_reset turn is

believed to he "due to win_fusela_e in+._rf@re_s effeots arising

fro_ the angle of sideslip create_ during the turn coup!el with

th_ pitch qsoillatien. (See fig, 6(0) for the _erlo_ f_om 3_

_ 53 s_o_s.) . ..

CON0_UDXNO _.

J .-'-. • . _ .: • "; ,

In general, the "fl_.gh% behavior was olose to that 19r_iicte_ _"

by calculations _sed on s_bil_ty theory _ oscillatin_ table tests.

•The flJ_t test thus. in_i_tos th@_t the 9_.chnl._ues employed _o .
Pr_dlct au_tlc stability az'_ vali_ az_ praotlcal from an

ol_r ational v_ ewpolut'. -_ . -"

Th_ llmi%a_ions of t_.e._ethods used to pred/ot au_omatlo-. :-,

- . ,_" • "-

•. : • . " "*

i
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assume no coupling amon_ roll, pitch, 'an_ yaw, .while in actual
fl_ght some such ooupllu_ does exist. •

Lan61ey Memorial Aeronautical Y_%.oratory

l_atlonal A_vlsory Cc_mlttee for Aeronautics

. Langley. Fiel_, Va. .-

..

I_TERENOES

. °,

i: Paulson, John W., Shads, Ro%er_ 0., au_ Johnson, Joseph L.:

: Investigation of St_illty an_ Control Charaoterlstlcs of
a i/2-Scale Model of an NAOA Configuration for @u_de_
M/ssiles (MX-570) in Langley Free-Fli@ht T1mnel. I.- Three-

Fin Arrangoment. NACA'.'MR No. L_L_4,. Army Air Forces an&
Bur. Aero., 1949.

2. Sea cord, Charles L., Jr.: Results of First Flight Test of

MX-t70 Tiamat. NACA MR No. LtR_9a, Arm_ Air Forces, 1945.

3. Pa_ison, John W., J'ohrm.on, Joseph L., an_ Sha_e, Robert 0.:

Ynve.st_gation of Stability and. Control Characteristics of
a I/2-Scals Model of an NACA Configuration for.G_tided

Missiles (MX-570) in the Langley Free-Fli_ht Tunnel. II.-
Four-Fin Arrangement. NAOA MR No. LtJOI, Army Air Forces

and Bur. A ero:_..19_5.

• _ • , "

4. SePoY, Chsrles L., Jr. | l_esu!ts of Fli_t Tests of MX-_'70

•(Mo_sl B - Four W_ng Tiamat), NACA MR No: L6BI3a, Army Air
Forces, 19_5. -. ..

5. Pitkln, Marvin, and Seacorcl, Charles _. : Correlation of the
Compute_lRolllng Motion of. the MX-570 (Tiamat-Mo_el B)'
Gulde_ Missile with %hat O_%aine_ in Flight. I_ACA MR

No. L6C09, Army Air Forces, 1946.

Autopilot as Dete rm/rAed f_om Oscill_%Ing Table Tests.

NACA MR" No. L6C_6_."Army Air .Fox'cos, !946.

7- Greenterg, _arry_ Frequency-Regponse Metho_ for Determination

of Dyr_mio S_a_i!Ity Chav aoteristlcs of Airplanes with

Auto,tic Controls. NACA _N No. 1229,-19_7.



NACA RM No.' L7BOB Fig. i

®

@

. " ° i

!

®

®

\
\_

@
<.

m

\,
I'

7

J

•. U

, QC

I
I



NACA RM No. L7B03 Fig. 2

J

J
i

o

o

0

c

I



rNACA P,_ No. LTB03 Fig. 3

Figure 3.-

°w

B°-

C°-

D,-

E°-

Exploded view of Booster attachment of ME-570 (Model C).

Tall cone of missile

Nose cone of booster

Break link

Compression spring
l

Booster alignment adjusting screws
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Figure 5a.- Take-off o_ MX-570 (Model C-l),
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Figure 5b.- Take-off of IvIX-570 (Model C-l).
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